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Abstract— Design Thinking has become popular to tackle what is often referred to as “wicked problems” in a human-centered 
manner. In this position paper, we elaborate on the possibilities and needs to integrate Design Thinking into Requirements 
Engineering. We draw from our research and project experiences to compare what is understood as Design Thinking and 
Requirements Engineering considering their involved artifacts. We suggest three approaches for tailoring and integrating Design 
Thinking and Requirements Engineering with complementary synergies and point at open challenges for research and practice. 
Index Terms— Design Thinking, Requirements Engineering 
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1 INTRODUCTION
EQUIREMENTS ENGINEERS often face the challenge 
of discovering and satisfying the fuzzy needs and vol-
atile requirements of the various stakeholders involved. 
Design Thinking, as a human-centered, rapid-prototypy-
ing method for innovative design, is one promising ap-
proach to address this challenge [1], [2].  
We postulate that we need an effective integration of Design 
Thinking and Requirements Engineering. However, little is 
known how an integration could be realized considering a 
holistic view, also due to existing misconceptions: In De-
sign Thinking, we pretend too often that problem-solving 
ends with understanding the problem and building a non-
technical prototype, leaving open the seamless transition 
into software development endeavors. In Requirements 
Engineering, we pretend too often that software require-
ments are somehow “just there” and simply need to be elic-
ited, missing the potential of fully exploring the problem 
space. One difficulty to be taken into account is that, like 
with other “agile” approaches, Design Thinking can ap-
pear as a set of single methods, tools, or even as a holistic 
approach [3]. Requirements Engineering, in turn, is an en-
gineering discipline encompassing various principles, 
tools, and even more methods – all to be selected depend-
ing on given project situations and software process mod-
els [4]. To make effective use of the full potential of Design 
Thinking, we first need a better understanding of what it 
is and how it relates to Requirements Engineering, in 
which situations it might be suitable, and how it could be 
properly integrated.  
For years, we researched organizations that adopted De-
sign Thinking in their industrial settings. In this position 
paper, we share our experiences and outline synergies and 
differences between Design Thinking and Requirements 
Engineering with a model of artifacts. We discuss three val-
uable adoption strategies and reflect upon benefits and 
challenges before concluding with open questions for re-
search and practice. 
2 DESIGN THINKING IN A NUTSHELL 
Design Thinking is a structured problem-solving approach 
to develop innovative products, services, and business 
models. It builds upon the exploration of human needs, 
non-technical prototyping, iterative problem reframing, 
and interdisciplinary team work [5]. Design Thinking is 
primarily intended to be applied in “wicked” project set-
tings which are characterized by volatile and partially un-
identified/hidden requirements [6]. Our own scope and 
experiences are centered in the development of software-
intensive products in industrial projects as well as in prac-
tical courses at the University of St.Gallen [7]. There, we 
employ an iterative and multi-disciplinary approach 
widely known as the Design Thinking “double diamond” 
shown in Fig. 1. 
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Fig. 1. Design Thinking Double Diamond (adapted from [8]). 
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We distinguish the problem space from the solution space, 
each with exploratory (diverging) and defining (converg-
ing) activities. The problem space contains methods to cap-
ture the problem in a human-centric, empathic manner. 
The phases Define and Needfinding explore the user and 
business environment, while Synthesis condenses the gath-
ered information to potential opportunities to meet these 
needs. The solution space contains methods to develop 
ideas addressing the discovered needs. Prototyping makes 
the solution ideas tangible in order to systematically test 
them. Iterations are carried out wherever necessary in the 
process. Prototypes evolve from first, rudimentary, and of-
ten paper-based low-fidelity prototypes to more sophisti-
cated, technical ones at later stages. The ability to conduct 
this stepwise improvement of assumptions, ideas, and pro-
totypes fundamentally relies on an open communication 
environment which is leveraged by harnessing selected 
tools and techniques like the ones summarized in our 
online material compendium (www.dt4re.org).  
3 CROSS COMPARISON OF DESIGN THINKING AND 
REQUIREMENTS ENGINEERING 
There are various commonalities between Design Thinking 
and Requirements Engineering, at least if the latter is un-
derstood as an iterative and systematic approach. The dif-
ferences should be seen as complementary activities as 
shown next.  
3.1 Comparing Artifacts 
We rely on an artifact-oriented view to integrate Design 
Thinking into a holistic engineering context. Artifacts ab-
stract from complex development processes, which are 
barely comparable across projects, and, instead, focus on 
the produced work results and their dependencies [9]. 
Based on our experiences from academia-industry collab-
orations [7], [10] we developed an artifact model integrat-
ing both disciplines. Fig. 2 visualizes this model in a sim-
plified manner. The overall structure is provided by three 
layers that each captures a collection of artifacts. The con-
text layer describes why the system is needed; the require-
ments layer encompasses (user-level) requirements and fea-
tures necessary to operate in this context; the system layer 
comprises information on how the system is to be realized. 
The six Design Thinking phases are integrated into those 
layers for a comprehensive overview.  
The full model consists of 40 artifacts, out of which 16 are 
attributed to Design Thinking, 16 to Requirements Engi-
neering, and 8 to both (for details, see the Web Extra). The 
latter include artifacts that are labeled similarly but whose 
purpose might differ. For example, the Design Challenge 
(01) has a divergent objective in Design Thinking, i.e. to 
open the problem space and potentially re-define the chal-
lenge later on. In Requirements Engineering the Project 
Scope pursues a convergent objective, i.e. to set a clear 
scope of the project.  
 
 
 
 Fig. 2. Combined Artifact Model of Design Thinking and Re-quirements Engineering 
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Our model positions the majority of Design Thinking arti-
facts within the context layer. They complement the more 
technically-oriented Requirements Engineering artifacts 
with a human-centered perspective. For example, field 
study results (11) and insights (15) help to frame the system 
scope and inform specific use cases and scenarios typically 
defined in Requirements Engineering. Low- and medium-
fidelity prototypes (18-21) are mainly leveraged to better 
understand stakeholder needs and define the context. 
High-fidelity prototypes (22-23) specify the system vision 
(24) and shape the requirements layer. They define key func-
tionalities and the general form of interaction (app, desk-
top solution etc.). In addition, they serve usability-driven 
demonstration purposes to customers rather than techni-
cally-driven feasibility studies. The technical realization of 
the functionalities is not in the scope of Design Thinking 
and can be better attributed to the artifacts produced in Re-
quirements Engineering (requirements and system layer).  
The model shows complementary synergies of Require-
ments Engineering and Design Thinking: While the former 
focuses, for instance, on feasibility of requirements, the lat-
ter focuses on the relevance of the system vision. Design 
Thinking, thus, follows a process that is not as much fo-
cused on technical details as it is typically the case in Re-
quirements Engineering. Here, what counts in the end are 
the elaborated requirements, while in Design Thinking, not 
only the prototype is the ultimate outcome, but the learn-
ing curve leading to it. We see Design Thinking as a way to 
expand the toolbox for Requirements Engineering for 
wicked problems with a holistic context exploration for 
precise user requirements and a tangible system vision as 
outcome. By applying Design Thinking, we do, however, 
not solve wicked problems as much as we do transform 
them into problems which then can be addressed by agile 
or traditional software development approaches. And we 
see Requirements Engineering as a way to extend the 
toolbox of Design Thinking, connecting it to later-staged 
software development in a seamless manner.  
3.2 Integrating Ways of Working 
Multiple possible ways of making practical use of our find-
ings exist. Based on our project experience, we determined 
three valuable strategies ranging from an upfront applica-
tion of Design Thinking to a fully integrated concept [11]. 
We do not postulate that one is better than the other; in fact, 
we believe that every approach has its place in practice, de-
pending on objective and context. In Table 1, we summa-
rize three cases and highlight their benefits and challenges.  
 
4 OPEN CHALLENGES 
We summarized three strategies to effectively connect De-
sign Thinking and Requirements Engineering. Applying 
Design Thinking in an upfront manner or a way in which 
it co-exists with engineering activities is what we typically 
encounter in one form or another in practice. A fully inte-
grated and continuous Design Thinking is, however, what 
we need to facilitate seamless transitions into engineering 
activities (and back). We showed one such integration at an 
artifact level which raises us to the next level of challenges 
for research and practice. This is also because we cannot 
yet unfold a complete picture of how principles, work re-
sults, and methods as found in Design Thinking and other 
Software Engineering practices (beyond Requirements En-
gineering) exactly relate to each other.  
At a conceptual level, we still need to better understand 
two major aspects: 1) Which principles in Design Thinking 
can also be found in other more holistic human-centered 
software engineering disciplines, such as in Human Com-
puter Interaction, and how do these differ? 2) What are 
their boundary objects? This becomes apparent in our arti-
fact model: What are same or similar artifacts with same or 
similar purposes? When do they differ in content or form? 
When are they equivalent and interchangeable? Same 
holds when reflecting upon the methods used to create the 
artifacts: Which methods in Design Thinking can be used 
for other software engineering disciplines? How do these 
methods differ and how can they be integrated? How can 
milestones be effectively defined, for instance, as interfaces 
between different software process models? Finally, we 
also need to reflect upon project roles. What seems trivial 
at first becomes challenging when considering competen-
cies and responsibilities. How can, for instance, multidisci-
plinary Design Thinking teams be integrated with tradi-
tional roles such as the one of a requirements engineer or a 
business analyst? How do existing responsibilities have to 
be modified when co-existing and collaborating? 
Further questions arise when putting an integration into 
action at the project level: How can problems be efficiently 
classified at which stage of a project? What are typical pro-
ject situations which influence the choice of a strategy? 
How do these situations and the class of systems influence 
the choice of a strategy and/or single methods? How can 
these situations be characterized and assessed in early 
stages of a project (with which confidence)? The latter is 
essential to eventually build a holistic approach tailorable 
to the needs of individual software project settings and, 
thus, ready for adoption in industry. 
 
5 CONCLUSION 
We have drawn from our experiences to discuss how De-
sign Thinking can be used effectively for Requirements En-
gineering. Both approaches aim at discovering goals and 
requirements in one form or another. We elaborated on 
typical artifacts showing their interdependencies. While 
both, Design Thinking and Requirements Engineering, are 
very distinct when it comes to the underlying philoso-
phies, many artifacts are complementary or even overlap-
ping. Yet, while in Requirements Engineering, the meas-
urements of success are often the documented require-
ments as a foundation for development and quality assur-
ance, in Design Thinking, we follow a philosophy of do-
main understanding and the learning curve leading to it – 
regardless the surrounding processes. We showed different 
combination strategies depending on the project context 
before we laid out a roadmap for future research and prac-
tice. With this manuscript, we hope to foster an important 
and overdue discussion and we cordially invite researchers 
and practitioners to join this endeavor with their own ideas 
of integrating Design Thinking for a human-centered ap-
proach to Requirements Engineering.  
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TABLE 1 
ADOPTION STRATEGIES FOR INTEGRATING DESIGN THINKING AND REQUIREMENTS ENGINEERING 
Upfront Design Thinking Infused Design Thinking Continuous Design Thinking 
D
es
cr
ip
tio
n 
+ 
 
Pr
ec
on
di
tio
ns
 Design Thinking is a pre-project to identify relevant features 
worth implementing. The outcome is used as a basis for 
performing further Requirements Engineering activities.  
Upfront Design Thinking is best applied when there is a high 
level of uncertainty at the beginning of a project about the 
customer needs and the corresponding solution.  
Design Thinking is used as a toolbox to infuse an existing 
Requirements Engineering process with selected artifacts and 
methods.  
Infused Design Thinking is particularly suitable when 
commonly used Requirements Engineering practices need 
specific interventions, e.g. a spark of creativity and new ideas.  
Design Thinking activities and principles are seamlessly 
integrated into Requirements Engineering practices. Often this 
is assigned to a specific project role. 
Continuous Design Thinking is recommended for approaching 
complex problem settings, in which customers should be 
involved continuously along the entire development lifecycle.  
C
as
e 
Ex
am
pl
e 
Alpha Insurance is an international insurance provider with the 
objective to develop a new service for their new target group of 
“young professionals”. The company used Upfront Desin 
Thinking to better understand their user group and explore 
different possible solutions. A project team from five different 
business functions followed the Design Thinking process in an 
iterative manner for three months with 40% capacity. The 
outcome was a product vision for a digital on-demand 
insurance that could be activated and deactivated anytime 
based on the user’s preferences. The product vision was 
materialized in form of a tested medium-fidelity prototype that 
was handed over to an IT and implementation team for further 
specification, testing, development, and market introduction. 
Transferred artifacts from the Upfront approach included a 
project documentation with 20 field studies, 2 personas, 5 
opportunity areas, 15 solution ideas, and 6 low-fidelity 
prototypes with learnings about failures. The final mockup 
visualized key features and their usability. Based on this, the 
implementation team performed tests to validate features and 
usability for more precise usage and service models of the 
system vision.  
Beta Enterprises is an international electronics group that 
wanted to evaluate the possibilities of smartphone applications 
(e.g., emergency apps, task lists, maintenance procedures) for 
container ships in a marine context. The main goal was to define 
requirements from a user point of view (in the past this was 
done mainly assumption-based) and to foster creativity for 
solution finding. In a highly regulated environment, a Design 
Thinking infusion was chosen to support the ongoing 
Requirements Engineering activities with selected tools from 
needfinding and prototyping. Five Design Thinking infusion 
sessions (spread over a total of 8 workshop days) were 
conducted within a timeframe of five months. Produced 
artifacts included field studies for defining more precise user 
requirements (it was the first time the team had gotten in close 
contact with marine captains) and tested medium-fidelity 
prototypes to enhance service and usage models in the 
Requirements Engineering process. According to the team 
members the direct user contact raised their confidence level in 
the success of the intended solution. Initial concerns about not 
being able to find interview partners in a highly sensitive B2B 
setting turned out as unjustified. 
Gamma Energy is a large energy provider with subsidiaries 
worldwide. The goal of the company was to explore the 
potential of platforms in the utility sector with a strong focus on 
involving potential users throughout the process. A diverse 
project team applied an upfront Design Thinking approach to 
initially define the core idea of the platform (a digital home 
improvement platform). To ensure a human-centered mindset 
throughout the later-staged development phases, a designated 
role was created, performed by a small user research group and 
equipped with Design Thinking tools, that acted as the product 
owner specifying user stories. The produced Design Thinking 
artifacts were high-fidelity prototypes with usability- and 
feature-oriented test feedback and new solution ideas. Scrum 
was the guiding development framework that enabled the 
entire project team to work in sprints. The artifacts mainly 
served two purposes: First, prototypes and solution ideas 
resulted in a constant stream of new and product features 
(including usability and user experience tests) filling the 
implementation backlog. Second, the team used the prototypes 
as boundary objects to enhance communication with relevant 
internal stakeholders and to foster a human-centred mindset 
within the project team.  
Be
ne
fit
s 
- Full potential of the Design Thinking process is leveraged with 
a guiding framework that continuously fosters creativity 
- The core idea of the final solution has traceable links to user 
customer needs helping in prioritizing relevant features 
- Medium-fidelity prototype can be an effective boundary
artifact to communicate between different stakeholder groups 
- Intervention character of Design Thinking requires only
minimal changes in existing Requirements Engineering
practices 
- Resource-friendly approach to applying Design Thinking 
- Low adoption hurdle for Design Thinking due to targeted 
application of selected methods 
- Seamless integration into existing Requirements Engineering
practices (development-critical artifacts are taken into account) 
- Integration of a human-centred mindset and the customer
voice throughout the entire project 
- Precise (user) requirements through continuous identification
of new requirements and testing 
C
ha
lle
ng
es
 - Usually, high resource efforts required to conduct a pre-
project 
- Potential starvation of results due to missing counterpart and 
no institutionalised “hand-shake” (lost implicit knowledge) 
- Rather little attention is paid to further development-critical 
artifacts like quality requirements, constraints, or data models. 
- Limited creativity compared to the upfront approach 
- Missing sustainable impact of the applied Design Thinking
methods due to the mere intervention character 
- No attention is paid to further development-critical artifacts 
like quality requirements, constraints, or data models 
- Commitment-, resource- and time-intense to develop a 
continuous integration of both approaches in an organization 
- Continuous Design Thinking is highly team-dependent
- Requires organizational mind-shift and support 
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